
NASA-CR- 54344 

P O T A S ~ I ~ ~  CO SION TEST LOOP ~EVELOPHENT 

EDITED B Y  E. E. H O F F M A N  

p r e p a r e d  for 
NATIONAL AERONAUTtCS AND SPACE ADMlNlSfRATfON 

Contract N A S  3 - 2547 

3 
'< w, SPACE POWER A N D  PROPULSION SECTION i i  

MISSILE AND SPACE D I V I S I O N  
1 -  m t f )  i) 
= E  

C- I -  

G E N E R A L  E L E C T R i C  
v) C I N C I N N A T I ,  OHIO 45215 - 



. .  

NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA: 

A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or' usefulness of the information contained in this 
report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 

B.) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 

As used above, "person acting on behalf of NASA" includes 
any employee or contractor of NASA, or employee of such con- 
tractor, to the extent that such employee or contractor of NASA, 
or employee of such contractor prepares, disseminates, or 
provider access to, any information pursuant to his employment 
or contract with NASA, or his employment with such contractor. 

Requests for copies of this report 
should be referred to: 

Natianal Aoronautics and Space Administration 
Office of Scientific and Technical Information 

Washington 25, D.C. 
Attention: AFSSA 
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1. 

POTASSIUM CORROSION TEST LOOP DEVELOPMENT 

I INTRODUCTION 

This report covers the period, from October 15, 1964 to January 15, 1965, 
of a program to develo$> Prototype Corrosion Test Loop for the evaluation of 
refractory alloys in boiling and condensing potassium environments which simu- 
late projected space electric power systems. The envisioned prototype test 
consists of a two-loop Cb-1Zr facility; sodium will be heated by direct resist- 
ance in the primary loop and will be used in a heat exchanger to boil potassium 
in the secondary, corrosion test loop. Heat rejection for condensation in the 
secondary loop will be accomplished by radiation in a high-vacuum environment. 
The immediate corrosion test design conditions are shown below; it is expected 
that the temperature could be increased by about 400'F when testing is extended 
to include refractory alloys stronger than Cb-1Zr. 

1. Boiling temperature, 1900'F 

2. Superheat temperature, 2000'F 

3. Condensing temperature, 1350'F 

4. Subcooling temperature, 800'F 

5. Mass flow rate, 20 to 40 lb/hr 

6. Vapor velocity, 100 to 150 ft/sec 

7. Average heat flux in the potassium 
boiler - 50,000 to 100,000 BTU/hr ft2 

The development program is proceeding with the construction and operation 
of three Cb-1Zr test loops, each of which will be used in a sequence of component 
evaluation and endurance testing. Loop I, a natural convection loop, has been 
operated for 1,000 hours with liquid sodium at a maximum temperature of 2260' 
to 2380'F to evaluate the electrical power vacuum feedthroughs, thermocouples, 
the method of attaching the electrodes, the electrical resistivity characteristics 
of the heater- segment, and the use of thermal and electrical insulation. Loop 
11, a single-phase sodium, forced-circulation loop to evaluate the primary loop 
EM pump, a flowmeter, flow control and isolation valves, and pressure transducers 
has completed 2,650 hours of scheduled testing. This loop operated at a pump in- 
let temperature of 1985'F. Residual sodium has been distilled from the loop and 
component evaluation initiated. The Prototype Corrosion Test Loop, a two-loop 
system, which has been designed and partially fabricated, will include a boiler, 
turbine simulator, and condenser in addition to the above components. This facil- 
ity will be used to develop and endurance test (2,500 hours) the components re- 
quired to achieved stable operation at the corrosion test design conditions. 

-1- 



The quarterly reports issued for this program will summarize the status of 

I 
I 

the work with respect to design considerations, construction procedures, and 
test results. The topical report on Loop I is expected to be released in April, 
1965. Detailed topical reports will also be issued to describe each test loop. 
Additional topical reports will be prepared to cover such areas as materials 
specification, purification of potassium and sodium, and inert gas purification 
and analysis. 

A 

* 
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1. 

I1 SUMMARY 

During the sixth quarter, efforts continued on the various phases of 
the program which is directed at the development and testing of an alkali 
metal corlybsion teSt system. A necessary and substantial portion of the 
program effort is the evaluation of the reliability and performance char- 
acteristics of both commercially available components and components which 
have been developed to satisfy the specific needs of the program. 

The operation of Component Evaluation Test Loop 11, a single-phase 
sodium, forced-circulation loop to evaluate the EM pump, valves, pressure 
transducers, and other components which are being used in the Prototype 
Loop system, completed 2,650 hours of scheduled operation in December, 
1964.- The highlight of this experiment was the operation of the Cb-1Zr 
alloy helical induction pump at approximately 2000°F for the 2,650-hour 
test period. 

Fabrication of the Prototype Corrosion Loop progressed substantially 
during the last quarter. A significant improvement in loop operation char- 
acteristics will be realized as a result of the substitution of an iron 
titanate coated condenser fin in place of a grit blasted condenser fin which 
has a substantially lower total hemispherical emittance. This change will 
result in an increase of the heat rejection capability of the condenser by 
a factor of approximately 1-1/2. Prior to the selection of the high emit- 
tance iron titanate coating for the condenser fin, a 1,000-hour test was 
conducted to evaluate the ability of the coated plate specimens of Cb-1Zr 
alloy to withstand thermal gradients and thermal cycles more severe than 
those, anticipated during loop operation. 

The two refluxing potassium capsule tests which are being conducted to 
determine the extent of mass transfer of Mo-TZM alloy in Cb-1Zr alloy cap- 
sules have completed 1,243 hours of testing at 2000OF. 
these ancillary experiments will contribute to an understanding of corrosion 
phenomena which may be encountered in the turbine simulator of the Prototype 
Corrosion Loop. 

The results of 

-3- 



I11 PROGRAM STATUS 

A. Component Evalua t ion  T e s t  Loop I1 

1. Loop I1 Operat ion 

During t h e  q u a r t e r  Loop I1 was operated an a d d i t i o n a l  615 hours and 
completed t h e  scheduled 2,500-hour test a t  1000 hours  on November 6 ,  1964, 
a t  t h e  fo l lowing  test condi t ions:  

Heater o u t l e t  temperature - 2050°F 

Pump i n l e t  temperature  - 1985OF 

Metering valve temperature  - 650° - 800°F 
144 p s i a  Loop p res su re  - 

Sodium flow r a t e  - 1 gpm (400 lb /hr )  

Sodium v e l o c i t y  (1/4-inch I D )  - 7 f p s  

Electr ic  power input  - 6.75 KW 

8 x 10" torr  Vacuum chamber p re s su re  - 

The ope ra t ion  h i s t o r y  of the  2,500-hour Loop I1 test and t h e  150 
hours  of  p o s t - t e s t  ope ra t ion  is given i n  Table I. A f t e r  a series (6) of i n -  
t e r r u p t i o n s  dur ing  t h e  f i r s t  1,154 hours,  which w e r e  repor ted  las t  quar te r '  
i n  detai l ,  Loop I1 operated without i n t e r r u p t i o n  f o r  t h e  remaining 1,346 
hours.  The temperatures of t h e  var ious regions of t h e  loop dur ing  the test 
a r e  given i n  Figure 1. 

The p res su re  r i s e  of t h e  Loop I1 chamber w a s  obtained w i t h  t h e  
loop a t  temperature  (2000'F) and following cool ing  of the  loop and t h e  
chamber t o  room temperature.  R e s u l t s  o f  these a r e  given i n  Table I1 and 
i n d i c a t e  t h a t  f o r  both the hot and cold tests the  p res su re  rise r a t e  was 
h igher  i n  t h e  per iod 0 to  10 minutes than from t h e  per iod 10 t o  45 minutes. 
This  h igh  i n i t i a l  rise rate i s  a t t r i b u t e d  t o  t h e  r e l e a s e  of i n e r t  gas  from 
t h e  g e t t e r - i o n  pump elements.  The l o w  p re s su re  rise r a t e s  f o r  both tests 
i n d i c a t e  t h a t  t h e  s y s t e m  was extremely t i g h t  and c lean .  The ind ica t ed  ion- 
i z a t i o n  gauge p res su re  and the  p a r t i a l  p re s su res  of t he  var ious  gaseous 
s p e c i e s  for  t h e  Loop I1 t e s t  chamber environment dur ing  2,500 hours of test 
ope ra t ion  are given i n  F igure  2. 

The f i r s t  50 hours of the test i s  shown on an expanded t i m e  s c a l e  t o  
i l l u s t r a t e  t h e  rap id  changes i n  t o t a l  and p a r t i a l  p re s su res  du r ing  t h i s  per-  
iod .  NO at tempt  has been made t o  i n t e r p r e t  each of t h e  p re s su re  f l u c t u a t i o n s  ---------------- 
I 

Potassium Corrosion T e s t  Loop Development, Q u a r t e r l y  Progress  Report No. 
5 fo r  Period Ending October 15, 1964, NASA Contrac t  NAS 3-2547, NASA- 
CR-54269. 
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TABLE I 

Time - 
1000 

1130 

1330 

0800 

1300 

0610 

1300 

1930 

1430 

0900 

2000 

1000 

0900 

1600 

1100 

1030 

Date - 
July 2 

July 19 

July 20 

August 3 

August 18 

August 18 

August 22 

August 23 

August 24 

August 24 

August 25 

September 10 

September 10 

November 6 

November 24 

November 27 

November 30 

December 2 

LOOP I1 - OPERATION HISTORY 

July 2 - December 2, 1964 

Test 
Hours 

0 

409 

Loop start -up 

Unscheduled shutdown - overtemperature 
of EM pump thermal overload relay 

734 

734 

734 

757 

763 

1154 

2500 

2600 

26 50 

Resume test 

Scheduled shutdown - metering valve 
modified by substituting L-605 bush- 
ing and stem for original parts - 
chamber wall deposits analyzed - thermo- 
couples repaired 

Attempt to resume test - metering valve 
and flow difficulties 

Scheduled shutdown - Saginaw ball nut 
and stem substituted for L-605 stem and 
stem bushing in metering valve 

Resume test 

Unscheduled shutdown - defective ion- 
pump cell 

Resume test 

Unscheduled shutdown - argon instability 
in ion pump 

Resume test 

Unscheduled shutdown - argon instability 
in ion pump 

Resume test 

Scheduled test completed 

Start of post-test operation 

End of scheduled 100-hour run 

Start of 50-hour. flow instability study 

End of Loop I1 operation 

-6- 



\Resistance 
)Heated Coils 

-Electrode 

V a l v e s  

' V a l v e  B y p a s s  

-Surge Tank 

Loop 
Tempera  t u r e s  

T/C 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

- 

Figure 1. Component Evaluation Test Loop I1 Showing Location of W-3Me vs 
W-25Me Thermocouples. 

-7 - 

"F 

1975 
58 5 
800 
580 
1965 
1950 
1985 
2020 
2000 
2035 
2065 
2065 
2050 
2045 
650 
2030 
2015 
6 70 
1985 
1880 
1850 
505 
475 
455 
1655 
1575 
1720 
1580 

- 



TABLE I1 

Time Minutes -A- 

0 (Getter Ion 
Pump Off) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

15 

20 

25 

30 

35 

40 

45 

PESSURE RISE OBSERVED ON LDOP I1 TEST CHAMBER 

Loop at 
Temperature ( 2000°F) 
Pressure, Torr 

-8 
1.9 x 10 

-7 
1.3 x 10 

2.3 
-7 

2.8 x 10 

3.3 

3.7 
-7 

4.0 x 10 
-7 

-7 
4.2 x 10 

4,4 x 10 

4.4 

4.5 

4.8 

4.8 

4.8 

4-8 10-7 

4.9 10’5~ 

4,9 

5.0 

Loop and Chamber at 
Room Temperature 
Pressure. Torr 

- 10 8.2 x 10 

6.5 
-8 

1.5 x 10 

2.3 x 
-8 

3.1 x 10 

3.8 x lo?  
4.5 x 

5.2 x 10 

5.8 x 

6.5 x 10 

7.1 x 10 

9.9 x 10 

-8 

-8 

-8 

-8 

1.2 

1.4 

1.6 

1.8 

1.9 
-7 2.0 x 10 

Pressure Rise Rate Observed for Time Period 10 to 45 Minutes Above: 
-6 Loop at Temperature: 1.43 x 10 Microns/Minute 

(Time Required for Pressure to Rise One Micron: 486 Days) 

-6 Loop and Chamber at Room Temperature: 3.7 x 10 Microns/Minute 
(Time Required for Pressure to Rise One Micron: 188 Days) 

. 
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of t he  ind iv idua l  spec ie s ,  bu t  on ly  t o  c h a r a c t e r i z e  t h e  g e n e r a l  t r e n d s  of 
t h e  p r i n c i p a l  gases.  I t  may be noted t h a t  du r ing  the  f i r s t  200 hours  of 
t he  tes t ,  the hydrogen p a r t i a l  p re s su re  was approximately 10 times h ighe r  
than any o the r  gas i n  t h e  s y s t e m .  Unfor tuna te ly ,  t h e  hydrogen peak w a s  l o s t  
a f t e r  500 hours of t es t  o p e r a t i o n  due t o  mal func t ion  of t h e  i o n  source  a t  
h igh  a c c e l e r a t i n g  vo l t ages .  Comparison of t h e  sum of t h e  p a r t i a l  p r e s s u r e s  
and t h e  t o t a l  p re s su re  a s  i nd ica t ed  by t h e  i o n  gauge be fo re  and a f t e r  t h e  
l o s s  of t h e  hydrogen peak i n d i c a t e s  t h a t  t h e  hydrogen p r e s s u r e  was 1-2 x 

t o r r  during the  l a s t  2,000 hours  of t h e  test. I t  i s  of i n t e r e s t  t o  
no te  t h a t  the i o n i z a t i o n  gauge p r e s s u r e  cont inues  t o  drop  a t  a ra te  o f  
approximately 0.2 x 10-l' to r r /100  hours even a f t e r  2,000 hours of loop  
ope ra t ion .  

2. Post-Test Component Inspec t ion  

The v i s u a l  i n s p e c t i o n  of t h e  loop a f te r  test  showed t h a t  3 of t h e  
6 copper e l e c t r i c a l  leads t o  t h e  stressed diaphragm pres su re  t r ansduce r  were 
open about 4 inches  from t h e  LVDT connection. The f a i l u r e  w a s  probably due 
t o  mechanical f a t i g u e  caused by induced v i b r a t i o n  from t h e  h e a t e r  power 
supply. A generous thermal expansion loop  i n  t he  copper w i r e  leads had been 
provided t o  accommodate t h e  d i f f e r e n t i a l  thermal growth between t h e  suppor t  
s t r u c t u r e  and t h e  loop and permitted l a r g e  amplitude swings. 

A check of t h e  metering va lve  a c t u a t i o n  s y s t e m  showed t h a t  t h e  
o p e r a t i n g  d i f f i c u l t y  d u r i n g  t h e  test  was due t o  g a l l i n g  o f  t h e  s t a i n l e s s  
steel  g e a r  s h a f t  i n  t he  s t a i n l e s s  steel  support  b racke t  a t t ached  t o  t h e  
va lve .  The assembled va lve  inc lud ing  the  g e a r  s h a f t  and suppor t  b racke t  
were i l l u s t r a t e d  i n  an ea r l i e r  p rogres s  r e p o r t  . This  problem had been ob- 
served a t  an ear l ie r  i n s p e c t i o n  and an a t tempt  t o  a l l e v i a t e  t h e  problem by 
i n c r e a s i n g  t h e  bear ing  s u r f a c e  o f  t h e  s h a f t  was not  success fu l .  A new brack-  
e t  and s h a f t  have been designed f o r  t h e  Pro to type  Loop w i t h  a tungs t en  car- 
b ide  bushing t o  e l i m i n a t e  t h i s  problem. 

2 

A t  the completion of t h e  2,500-hour t es t ,  13 of t h e  28 thermocouples 
had f a i l e d .  The p o s t - t e s t  examination of t h e  13 f a i l e d  thermocouples showed 
t h a t  5 thermocouples were broken a t  t h e  vacuum feedthrough, one thermocouple 
was open i n  the  r e fe rence  j u n c t i o n  and 7 thermocouples were shor ted  a t  t h e  
vacuum feedthrough. Thermocouple f a i l u r e s  a t  the  vacuum feedthrough were 
a major cause o f  thermocouple d i f f i c u l t y  i n  Loop I and Loop I1 due t o  t h e  
poor bend d u c t i l i t y  of t h e  W-3%Re w i r e .  

A rad iographic  i n s p e c t i o n  of the meter ing  va lve  and loop  tees w a s  
no t  success fu l  i n  l o c a t i n g  any h igh-dens i ty  co r ros ion  or mass t r a n s f e r  
p a r t i c u l a t e  matter which would e x p l a i n  t h e  d i f f i c u l t y  i n  main ta in ing  flow 
i n  the bypass l i n e .  A rad iograph  of t he  vapor t r a p  on t h e  argon p r e s s u r i -  
a t i o n  l i n e  showed no d e t e c t a b l e  accumulation of sodium i n d i c a t i n g  t h a t  t h e  
a d d i t i o n  of the  condensing c o i l  e l imina ted  t h e  c o l l e c t i o n  of sodium i n  t h e  
gas l i n e  as was observed i n  Loop I du r ing  assembly. 

Potassium Corrosion T e s t  Loop Development, Q u a r t e r l y  
N o .  4 f o r  Period Ending J u l y  15, 1964, NASA Con t rac t  
CR-54167, p 36. 

Progress  Report 
NAS 3-2547, NASA- 
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3. Addi t iona l  T e s t  Operation 

I n  a d d i t i o n  t o  t he  completion of t h e  2,500-hour endurance run,  Loop 
I1 was operated a t  t h e  des ign  test condi t ions  f o r  an a d d i t i o n a l  100 hours to 
eva lua te :  

1. 

2. 

3. 

4. 

5 .  

A new gear  assembly f o r  t h e  meter ing valve.  

Relocat ion of the thermocouple r e fe rence  junc t ion  block 
i n s i d e  t h e  vacuum chamber. 

A new type  of high vacuum thermocouple feedthrough w i t h  
W-34bRe and W-25%Re thermocouple w i r e s  wi th  ceramic-to- 
metal seals r ep lac ing  the  n i c k e l  feedthrough tubes used 
to-date.  

Replacement of the  copper l e a d  w i r e s  on t h e  s t r e s s e d  
diaphragm pres su re  t ransducer  wi th  s t a i n l e s s  steel l e a d  
w i r e s .  

A 15 KW Ha l l  e f f e c t  wattmeter used to  measure accu ra t e ly  
the electric power input  t o  t he  sodium hea te r .  

Although t h e  loop w a s  f i l l e d  (from the surge tank)  and flow w a s  es- 
t a b l i s h e d  on November 23 without  d i f f i c u l t y ,  l a r g e  f l u n c t u a t i o n s  i n  both t h e  
f l o w  rate and loop p res su re  w e r e  observed before  power was appl ied  t o  t h e  
loop. The f l u n c t u a t i o n s  increased i n  amplitude a s  t he  loop temperature  w a s  
increased  and continued dur ing  the  e n t i r e  100-hour test. 

During t h e  test ,  repeated ope ra t ion  of t h e  meter ing valve showed 
t h a t  t h e  new gear assembly w a s  a s i g n i f i c a n t  improvement over  t h e  prev ious  
d e s i g n .  The new gear  bracke t  no t  only provided a more accura t e  alignment 
of t h e  gears  but permit ted the  i n s t a l l a t i o n  of a tungs ten  carb ide  bushing 
t h a t  e l imina ted  the  g a l l i n g  problem encountered i n  t h e  2,500-hour endurance 
run. The new design w i l l  be used i n  both the on-off and t h e  meter ing va lves  
of t h e  Prototype Loop. 

The r e l o c a t i o n  of t h e  thermocouple r e fe rence  junc t ion  block f r o m  a 
cons t an t  temperature  (150°F) re ference  j u n c t i o n  o u t s i d e  of t h e  vacuum cham- 
be r  to a r e fe rence  j u n c t i o n  in s ide  6 f  t h e  chamber was made t o  e l i m i n a t e  t he  
problems whichhave been encountered i n  ob ta in ing  he l ium leak  t i g h t  brazed 
j o i n t s  between the W-Re thermocouple w i r e s  and the  n i c k e l  tubes of t h e  high- 
vacuum feedthroughs.  F a i l u r e  of t he  W-3%Re w i r e  near  t he  braze j o i n t  dur ing  
t h e  f a b r i c a t i o n  and i n s t a l l a t i o n  of t h e  thermocouples w a s  r e spons ib l e  f o r  a 
l a r g e  number of thermocouple f a i l u r e s  i n  both t h e  Loop I and Loop I1 tests. 

The new re fe rence  junc t ion  block c o n s i s t s  of a h igh-pur i ty  alumina 
t e rmina l  s t r i p  mounted on a 1/4-inch copper p l a t e  attached t o  t h e  chamber 
w a l l .  Tantalum f o i l  thermal sh ie lds  w e r e  used  t o  reduce  the  r a d i a t i o n  heat 
f l u x  f r o m  t h e  test  loop and t o  maintain t h e  j u n c t i o n  block a t  a temperature  
of less than 200°F and a s  isothermal a s  p o s s i b l K d u r i n g  loop opera t ion .  The 
temperature of the  r e fe rence  junc t ion  which i s  requi red  t o  c o r r e c t  t he  i n -  
d i c a t e d  loop temperature  i s  measured by t h r e e  copper-constantan thermocouples. 
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The r e l o c a t i o n  of t h e  r e fe rence  j u n c t i o n  i n s i d e  the  chamber and 
t h e  use  o f  t h e  brazed copper leads e l imina ted  a major p o r t i o n  of t h e  thermo- 
couple f a i l u r e  t r o u b l e s  experienced i n  t h e  p a s t .  'The copper w i r e  leads were 
more d u c t i l e  and t h e  r o u t i n g  of  t h e  wires b o t h  i n s i d e  and o u t s i d e  of t h e  
vacuum chamber was f a c i l i t A t e d . ,  Not a l l  of t h e  braze  j o i n t s  between t h e  
copper wires and t h e  n i c k e l  t ubes  of t h e  vacuum feedthrough were helium leak 
t i g h t  following t h e  f i r s t  b raz ing  ope ra t ion  i n  the  a rgon- f i l l ed  chamber; how- 
e v e r ,  t h e  problem encountered i s  f a r  s imple r  t o  s o l v e  than  t h e  b raz ing  of 
W-Re wires i n t o  t h e  n i c k e l  t u b u l a t i o n s .  T h i s  i s  due p r i m a r i l y  t o  s u p e r i o r  
b raz ing  c h a r a c t e r i s t i c s  of t h e  copper wi re /n i cke l  tube  combination compared 
t o  t h e  W-Re wi re /n icke l  tube  combination. 

u 
I 

The new type  of thermocouple feedthrough,.which c o n s i s t s  of W-37ae 
and W-25%Re wire brazed w i t h  a copper-gold a l l o y  i n t o  an alumina d i s k ,  was 
eva lua ted  i n  t he  100-hour run  fo l lowing  completion of t h e  scheduled 2,500- 
hour tes t ,  i s  shown i n  F igure  3. Th i s  feedthrough* has W-Re thermocouple 
w i r e  p e n e t r a t i o n s  i n  l i e u  of t h e  s tandard  n i c k e l  t u b u l a t i o n s  t o  minimize 
the  p o s s i b i l i t y  of spur ious  thermal  emf's generated from d i s s i m i l a r  metal 
c o n t a c t s .  No d i f f i c u l t i e s  were experienced i n  t h e  i n s t a l l a t i o n  and t h e  
seals proved r e l i a b l e  and remained leak f r e e  du r ing  t h e  500'F bakeout and 
t h e  subsequent loop ope ra t ion .  The use  of t h i s  t ype  of feedthrough r e q u i r e s  
t he  use  of an e x t e r n a l  thermocouple j u n c t i o n .  

A 15 KW H a l l  e f fect  wattmeter** was i n s t a l l e d  i n  t h e  h e a t e r  power 
supply of b o p  I1 af te r  an i n i t i a l  c a l i b r a t i o n  a t  t h e  f a c t o r y .  The wa t t -  
meter has a 0-1.5 KW, 0-4.5 KW and 0-15 KW range s e l e c t o r  swi tch  w i t h  a * 
1% accuracy. The i n p u t  power c a l c u l a t e d  from t h e  p o t e n t i a l  and c u r r e n t  
measured a t  the  primary to  the  20 KVA t r ans fo rmer  was approximately 10% 
h ighe r  than  the  output  power measured w i t h  t h e  wattmeter. However, when 
t h e  t ransformer  co re  losses were accounted for, t h e  agreement was w i t h i n  
5%. The wattmeter w i l l  be used f o r  a c c u r a t e  power measurements i n  c a l i b r a t -  
i n g  t h e  primary and secondary flowmeters of t h e  P ro to type  Corros ion  Loop by 
c a l o r i m e t r i c  measurements. Although p r e c i s e  power measurements were no t  
r equ i r ed  f o r  Loop I1 ope ra t ion ,  t h e  i n s t a l l a t i o n  of the  w a t t m e t e r  a t  t h i s  
t i m e  w a s  made t o  checkout t h e  equipment and f a m i l i a r i z e  program personnel  
w i t h  t he  ope ra t ion  of t h i s  u n i t  before  the P ro to type  tes t .  

Upon completion of t h e  100-hour per iod  of p o s t - t e s t  o p e r a t i o n ,  t he  
sodium was allowed t o  f r e e z e  i n  t h e  loop and r ad iog raph ic  examination of t he  
loop revealed s p h e r i c a l  shaped void a r e a s  i n  both t h e  v e r t i c a l  and h o r i z o n t a l  
p ipe  s e c t i o n s  o f  t h e  loop. These v o i d s  a r e  be l ieved  t o  be accumulations of 
argon gas which en te red  t h e  flow c i r c u i t  v i a  t h e  surge  tank  and d i p  l eg .  

The test  was continued f o r  an a d d i t i o n a l  50-hour per iod  t o  s tudy  
t h e  frequency and magnitude of t h e  i n s t a b i l i t y  dn t h e  loop due t o  the  appar- 
e n t  gas accumulation and p o s s i b l e  c o r r e c t i v e  a c t i o n  which would be e f f e c t i v e  
i n  f u t u r e  loop ope ra t ions .  Thc uns t ab le  o p e r a t i o n  could be observed and 
measured not  only on t h e  flow r a t e  r eco rd ing  but s imilar  p e r t u r b a t i o n s  were 

* General E l e c t r i c  Vacuum Products  Opera t ion ,  Schenectady, New York, 
(Model 22HN020). 

Columbus S c i e n t i f i c ,  I n c . ,  Columbus, Ohio, (Model 150C61-YM). 
* .A .I_ .I, . ** 
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recorded f o r  the h e a t e r  temperature and loop p res su re .  The maximum tempera- 
t u r e  f l u c t u a t i o n s  du r ing  t h e  t e s t  were approximately ? 25'F wi th  an average 
frequency of 6 cycles pe r  second. The loop o p e r a t i o n  could be s t a b i l i z e d  
by r eve r s ing  the flow. I t  i s  p o s s i b l e  t h a t  t h e  improved s t a b i l i t y  was due 
t o  a more favorable  geometry a t  the  pump i n l e t  f o r  t r a p p i n g  gas i n  t h e  pump 
c a v i t y  when t h e  flow w a s  reversed .  

I n  order  t o  a t tempt  t o  remove the  argon from t h e  flow c i r c u i t ,  t h e  
sodium was dumped from t h e  loop t o  t h e  surge  tank  by evacua t ing  t h e  surge  
t ank  through t h e  p r e s s u r i z a t i o n  and evacuat ion  l i n e .  The sodium w a s  h e l d  i n  
t h e  surge  tank under vacuum f o r  s e v e r a l  hours a t  450'F and then  p res su r i zed  
back i n t o  the loop. No flow or temperature f l u n c t u a t i o n s  were d e t e c t a b l e  when 
t h e  loop  w a s  restored t o  t h e  test  c o n d i t i o n s  wi th  both normal and reversed  
flow i n d i c a t i n g  tha t  t h e  procedure o u t l i n e d  above had removed the  argon from 
t h e  f l o w  c i r c u i t .  

A s  a r e s u l t  of these experiments and a review o f  t h e  previous  occa- 
s i o n s  when flow i n s t a b i l i t i e s  were observed, i t  has been concluded t h a t  t h e  
argon w a s  introduced i n t o  t h e  loop du r ing  the  f i l l i n g  o p e r a t i o n .  The s t anda rd  
procedure used t o  f i l l  t he  loop was t o  p r e s s u r i z e  t h e  surge  tank  t o  50 p s i a  
and then  m e l t  t h e  sodium i n  t h e  surge  tank  by t u r n i n g  on t h e  chamber bakeout 
h e a t e r s .  I t  now appears  t h a t  l o c a l i z e d  me l t ing  of t h e  sodium i n  t h e  v i c i n i t y  
of t h e  d i p  l i n e ,  which ex tends  t o  t h e  bottom o f  t h e  surge  tank ,  could have 
allowed both sodium and argon t o  e n t e r  the  loop. 

The loop f i l l i n g  procedure f o r  t h e  Pro to type  Loop has been modified 
t o  avoid argon en t ra inment  du r ing  t h e  f i l l i n g  of t h e  primary and sebondary 
c i r c u i t s .  A vacuum w i l l  be maintained above t h e  sodium and potassium i n  the  
surge  t anks  u n t i l  the  a l k a l i  metal i s  molten. The surge  tanks  w i l l  then  be 
p re s su r i zed  w i t h  argon t o  f o r c e  t h e  a l k a l i  metal i n t o  t h e  loop. 

4. Draining, Sampling, and D i s t i l l i n g  of Sodium 

Following completion of t h e  50-hour tes t ,  t h e  Loop I1 sodium w a s  
t r a n s f e r r e d  t o  t h e  d i s p o s a l  tank  o u t s i d e  the  test chamber. A sodium sample 
w a s  t aken  as t h e  loop w a s  dumped. 

A 5-micron Type 316 s t a i n l e s s  steel  f i l t e r ,  3/4-inch diameter by 
1/8-inch th ick ,  had been i n s t a l l e d  i n  the dump l i n e  from Loop I1 i n  o r d e r  t o  
c o l l e c t  any p a r t i c u l a t e  matter which might be p re sen t  i n  t h e  sodium. 

I t l a s p l a n n e d  t o  f i l t e r  t h e  Loop I1 sodium w i t h  a p r e s s u r e  dro8 
a c r o s s  t h e  f i l t e r  of 13-15 p s i  t o  avoid breaking  or blowing o u t  t h e  f i l t e r .  
However, t h e  loop dumped suddenly a t  about 1000°F when the  sodium i n  one of 
t h e  t r a n s f e r  l i n e s  m e l t e d .  I t  w a s  determined t h a t  a by-pass va lve  around t h e  
f i l t e r  w a s  p a r t i a l l y  open and very l i t t l e  sodium passed through t h e  f i l t e r .  
The ana lyses  of t h e  sodium sample obta ined  du r ing  t h e  dump are i n  Table I11 
and i n d i c a t e  oxygen a t  t he  5 ppm l e v e l  and a very  low concen t r a t ion  Of o t h e r  
elements.  Although only  a p o r t i o n  of the  sodium went through t h e  5-micron 
s t a i n l e s s  s t e e l  f i l t e r  when t h e  loop was emptied, t h e  f i l t e r  assembly w a s  
removed and vacuum d i s t i l l e d  u n t i l  f ree  of r e s i d u a l  sodium. Examination of 
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TABm I11 

ANALYSIS OF POTASSIUM OBTAINED FROM W P  I1 

AFTER 2,650 HOURS OF OPERATION 

Oxygen Ana lys i s  

Sample No.  149-192 

Element 

Fe 
A 1  

B 
Be 
C a  
Cb 
c o  
C r  
Mg 
Mn 
Mo 
N i  
K 
S i  
Sn 
T i  
V 
Z r  
Pb 
cu 

Ag 

Sample Wgt . 
gms 

4.543 
2.180 

Spectrographic Analys is  

GE 
ppm o f N a C l  

<5 

<1 
< 25 
< 1  

<1 
<1 
<1 
<1 
<1 
<1 
< 1  

el 
e1 
(1 

< 25 
< 1  
<1 
<1 

1 o r  less 

1-15 

-- 

ppm 0 as  N a 2 0  
By Mercury 

Amalgamation Method 

4.9 
5.8 

NUMEC 
ppm of NaCl 

3 
1 

<1 
< 5  
<1 

4 
< 10 

< 5  
<1 
<1 
<1 
< 5  
<1 
60 

< 10 
< 5  
<5  
<1 . 

< 10 
< 5  
<1 

NUMEC = Nuclear Mater ia l s  & Equipment 
Corporation, Apollo, Pennsylvania 
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t h e  f k l t e r  a t  a magni f ica t ion  of 30X revea led  no mass t r a n s f e r  p a r t i c l e s  
and spec t rographic  a n a l y s i s  of metal  scraped from t h e  f a c e  of the  f i l t e r  
showed only  the  normal s t a i n l e s s  Steel elements.  

Following t h e  dumping of the sodium from t h e  loop, t h e  tes t  cham- 
be r  w a s  opened and mod i f i ca t ions  were made  i n  order t o  d i s t i l l  r e s i d u a l  
sodium from t h e  loop. 
o f  2 KW were i n s t a l l e d  on the  loop suppor t  s t r u c t u r e  and a s t a i n l e s s  steel  
thermal r a d i a t i o n  s h i e l d  w a s  a d d e d  between t h e  loop h e a t e r s  and the  vacuum 
chamber w a l l  t o  reduce t h e  heat l o s s e s .  The chamber w a s  resealed and evac- 
uated t o  t h e  t o r r  range. The tan ta lum h e a t e r s  and t h e  chamber bakeout 
h e a t e r s  were then turned on and t h e  power inpu t  w a s  increased  slowly f o r  
s e v e r a l  hours u n t i l  t h e  minimum loop tempera ture  w a s  800°F. Power was 
a l s o  supplied t o  t h e  h e a t e r  c o i l  and t h e  EM pump and t h e i r  t empera tures  
were maintained a t  1000'F. The d i s t i l l a t i o n  was continued f o r  over  200 hours  
du r ing  which t i m e  t h e  sodium w a s  p e r i o d i c a l l y  dra ined  from a small  collec- 
t i o n  tank  i n t o  t h e  d i s p o s a l  tank. 

S ix  tantalum c o i l  h e a t e r s  w i t h  a t o t a l  hea t  c a p a c i t y  

I n  o rde r  t o  e s t a b l i s h  i f  any p a r t i c u l a t e  matter from Loop I1 had 
been m i s s e d  i n  t h e  dumping procedure o u t l i n e d  above, t h e  sodium i n  t h e  d i s -  
p o s a l  tank  was f i l t e r ed  dur ing  t r a n s f e r  from t h e  d i s p o s a l  tank  t o  ano the r  
s t o r a g e  conta iner .  The 5-micron s t a i n l e s s  steel f i l t e r  assembly used w a s  
removed, d i s t i l l e d  f r e e  of r e s i d u a l  sodium, and subsequent ly  inspec ted .  
Seve ra l  d a r k  a r e a s  were d e t e c t e d  on t h e  f a c e  of t h e  f i l t e r .  These a r e a s  
were scraped wi th  a metal s p a t u l a ,  and t h e  p a r t i c l e s  w e r e  removed and ana- 
lyzed. Only t h e  c o n s t i t u e n t s  of s t a i n l e s s  were recovered. Sodium samples 
f o r  a d d i t i o n a l  oxygen de te rmina t ions  were c o l l e c t e d  du r ing  the  t r a n s f e r  f r o m  
the  d i s p o s a l  tank  t o  the  s t o r a g e  con ta ine r .  Dup l i ca t e  ana lyses  on t h i s  sam- 
p l e  produced oxygen va lues  of 5.3 and 7.6 ppm which a r e  i n  good agreement 
wi th  t h e  values of 4.9 and 5.8 ppm given  i n  Table  111. N o  s i g n i f i c a n t  con- 
c e n t r a t i o n  of columbium, zirconium or o t h e r  m e t a l l i c  elements was d e t e c t e d  
i n  t he  a n a l y s i s  of a spec t rog raph ic  sample. I t  i s  t e n t a t i v e l y  concluded 
t h a t  complex sodium-columbium-oxygen compounds were no t  r e spons ib l e  f o r  
t h e  occas iona l  flow d i f f i c u l t i e s  experienced du r ing  Loop I1 ope ra t ion .  

During t h e  next q u a r t e r  t h e  loop w i l l  be d i s a s s e m b l e d .  Metal- 
l og raph ic  and chemical a n a l y s i s  w i l l  be performed on specimens from t h e  
va r ious  reg ions  of t h e  loop. 

5. Loop I1 S t r e s sed  Diaphragm Pres su re  Transducer 

A s  repor ted  above t h r e e  of t h e  s ix  copper e l ec t r i ca l  l e a d s  connect- 
i n g  t h e  s t r e s s e d  diaphragm pres su re  t r ansduce r  LVDT coi l  t o  a t e rmina l  $ & r i p  
were broken dur ing  t h e  2,500-hour test .  These wires were rep laced  w i t h  Type 
302 s t a i n l e s s  steel  wires f o r  t h e  p o s t - t e s t  o p e r a t i o n  t o  i n c r e a s e  t h e  mec- 
h a n i c a l  s t r eng th .  This  a l s o  e l i m i n a t e s  any p o s s i b l e  t h e r m o e l e c t r i c  p o t e n t i a l  
due t o t d i s s i m i l a r  metal j u n c t i o n s  between t h e  lead w i r e  and the  Type 302 
s t a i n l e s s  s t e e l  h e a d e r  p i n  of t h e  c o i l .  

-16- 
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During t h e  pump down of the  vacuum chamber before  r e s t o r i n g  t h e  
loop t o  t h e  test condi t ions ,  t h e  pressure  t ransducer  behaved normally dur- 
i n g  t h e  roughing ope ra t ion  when sorb t ion  pumps w e r e  used t o  evacuate  t he  
chamber t o  approximately 5 microns. When the  ion  pump w a s  turned on, t h e  
t r ansduce r  output  became very uns tab le  and could be observed to  be asso- 
c i a t e d  w i t h  t he  electrical a rc ing  i n  the  chamber p r i o r  t o  confinement of 
t he  i o n  pump. Upon confinement of the ion  pump, t h e  t r ansduce r  output  
aga in  became s t a b l e  a l though t h e  zero l e v e l  w a s  d i sp laced  from t h e  o r i g i n a l  
z e r o  by approximately 200 m i l l i v o l t s .  The t r ansduce r  output  i n  response 
to  a change i n  p re s su re  l e v e l  remained normal and showed a 60 m i l l i v o l t  
change f o r  a 127 p s i  change i n  pressure  dur ing  a subsequent c a l i b r a t i o n .  

During t h e  pump down of the  vacuum chamber f o r  t h e  d i s t i l l a t i o n  
of t h e  r e s i d u a l  sodium from Loop I1 a f t e r  completion of 2,650-hour test, 
it w a s  observed tha t  300 v o l t  D.C. p o t e n t i a l  appeared on s e v e r a l  non-grounded 
conductors dur ing  the ion  pump s t a r tup .  The e f f e c t  of t h i s  D.C. vo l t age  on 
t h e  e l e c t r o n i c  c i r c u i t r y  may be respons ib le  f o r  t h e  e r r a t i c  behavior and 
zero  s h i f t  observed dur ing  the  2,500-hour test. I f  t h e  ze ro  s h i f t  i s  due 
t o  a permanent change i n  t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  e x c i t a t i o n  
c i r c u i t r y  incur red  du r ing  t h e  i o n  pump s t a r t i n g  p e r i o d ,  t h i s  problem can 
be e l imina ted  by d isconnec t ing  the e l e c t r o n i c  c i r c u i t r y  du r ing  t h e  pump down 
cyc le  i n  f u t u r e  $esbs.  

Pre l iminary  c a l i b r a t i o n  tests a t  r o o m  temperature  us ing  argon gas 
have ind ica t ed  a n e t  output  change of 40 m i l l i v o l t s  f o r  a 150 p s i  change i n  
p re s su re  wi th  a s e n s i t i v i t y  of 6 p s i  p e r  m i l l i v o l t  a t  t h e  150 p s i g  l e v e l .  
Zero s t a b i l i t y  and temperature s e n s i t i v i t y  tests w i l l  be made dur ing  t h e  
r e p o r t i n g  per iod.  

These tests w e r e  delayed dur ing  the p o s t - t e s t  ope ra t ion  of Loop I1 
because t h e  same excitation-demodulation c i r c u i t  i s  used i n  both tests. 
Following t h e  p o s t - t e s t  opera t ion ,  the  e x c i t a t i o n  demodulation c i r c u i t  was 
again connected t o  the  second t ransducer ,  and a negat ive  zero s h i f t  of 170 
m i l l i v o l t s  was observed. Since no change i n  t h e  t r ansduce r  had occurred 
dur ing  the  test de lay ,  i t  must be assumed t h a t  t h e  ze ro  s h i f t  w a s  caused 
by a change i n  t h e  e l e c t r o n i c  c i r c u i t r y  and probably d u e  t o  the  high v o l t -  
age a r c i n g  observed dur ing  the  ion pump s t a r t u p  p r i o r  t o  the  p o s t - t e s t  
ope ra t ion  of t he  loop. A s  mentioned above, t h i s  problem w i l l  be e l i m i n a t e d  
i n  Pro to type  Corrosion Loop opera t ion  by d isconnec t ing  the system dur ing  
t h e  chamber pump down per iod .  

B. PrototvDe Corrosion LOOD Desim 

Severa l  changes have been incorporated i n t o  the loop des ign  dur ing  
t h e  l a s t  q u a r t e r  and t h e  f i n a l  vers ion of t he  system i s  i l l u s t a t e d  i n  Fig- 
u r e  4. 

A subcooler  r e s e r v o i r  has been added  between t h e  condenser and EM pump 
i n l e t  o f  t he  secondary potassium c i r c u i t  t o  inc rease  the  a v a i l a b l e  l i q u i d  
supply to the  pump dur ing  test operat ion.  During pe r iods  of i n s t a b i l i t y ,  
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t h e  l iquid-vapor  i n t e r f a c e  weuld be e s c i l l a t i n g  and could conceivably meve 
i n t o  t h e  EM pump i n l e t ,  f u r t h e r  aggravat ing flow and p res su re  f l u c t u a t i e n s .  
The a d d i t i o n  of t h e  subcooler r e se rvo i r  w i l l  i n c r e a s e  t h e  SubcoQler 
t i m e  from 8 secends t o  21 seconds a t  t he  des ign  f l o w  r a t e  o f  40 lbs/hr .  

*I pumpout" 

The a d d i t i o n  of t h e  subcooler reservoir requi red  t h a t  t he  condenser be 
shortened from 64 inches  t o  58 inches Because of space l i m i t a t i o n s .  This  
would x=esult i n  t h e  l iquid-vapor i n t e r f a c e  being approximately 6 inches  frem 
t h e  condenser ex i t .  A h igh  emittance c o a t i n g  (FeaTiOg) w i l l  be appl ied  to  
t h e  condenser f i n s  t o  inc rease  the f i n  emi t tance  from 0.4 ( g r i t  b l a s t ed )  to 
0.86. The e f f e c t  o f  t h e  h i p e r  emit tance s u r f a c e  w i l l  reduce t h e  requi red  
condenser l eng th  from 52 inches  to  37 inches  thus  r a i s i n g  t h e  l iquid-vapor  
i n t e r f a c e  from 6 inches to  21 inches from t h e  condenser e x i t .  A thermal 
c y c l i n g  test on t h i s  c o a t i n g  w a s  conducted and i s  descr ibed  i n  d e t a i l  l a t e r  
i n  t h i s  report. 

The redes ign  of t h e  condenser s h i e l d  w a s  completed. The new des ign  
inc ludes  a b a l l  bear ing  screw and f o u r  b a l l  bear ing  s p l i n e s  t o  reduce t h e  
g a l l i n g  tendency of rubbing surfaces  i n  vacuum due t o  se l f -we ld ing .  

The valve gear  assembly w a s  a l s o  redesigned f o r  an inc rease  i n  t h e  turn-  
i n g  ra t io  from 2 to 1 to  approximately 5 to 1. The higher  t u rn ing  ratio w i l l  
r e s u l t  i n  an improvement i n  the  a b i l i t y  Of the loop o p e r a t o r  t o  determine 
t h e  exact p o s i t i o n  of t h e  m e t e r i n g  va lve  and r e q u i r e  less o p e r a t i n g  torque  
a t  t h e  magnetic rotary feedthrough. 

C. Proto type  Corrosion Loop Fabr i ca t i sn  

1. WLler Assembly 

The f a b r i c a t i o n  of t h e  b o i l e r  assembly proceeded smoothly through 
t h e  welding ope ra t ions  which precede t h e  c o i l i n g  opera t ion .  The assembly which 
cons i s t ed  of t h e  i n n e r  and o u t e r  t u b e s  w i t h  space r s  a t tached  w a s  formed by 
Ph i l ade lph ia  Pipe Bending Company. P r i o r  t o  forming, t h e  i n n e r  tube and t h e  
annulus  w e r e  packed wi th  sugar  t o  a i d  i n  main ta in ing  c o n c e n t r i c i t y .  The 
forming ope ra t ion  was conducted without d i f f i c u l t y .  

Upon r e c e i p t  of t h e  formed boiler from t h e  vendor, t h e  sugar  w a s  
removed by d i s s o l v i n g  and r i n s i n g  i n  f i l tered ho t  w a t e r .  
hours  of  r i n s i n g  were employed, four hours  on the i n n e r  tube  and f o u r  hour 
i n  each d i rec t ion  on t h e  annular  spacing. D i s t i l l e d  water was used fo r  a 
f i n a l  r i n s i n g  opera t ion .  
f i n a l  r i n s e  water ind ica t ed  no de t ec t ab le  sugarJ con ten t .  

A p p r o x i m a t e l y a h '  

Applicat ion of t h e  Molisch T e s t  t0 samples af t h e  

The cleaned boiler assembly w a s  then radiographed t o  determine t h e  
COAaCarH~tYfLty of t h e  i n n e r  and outer tubes.  Examination of  t h e s e  radio- 
graphs ind ica t ed  t h a t  good concen t r i c i ty  was maintained. Radiographs of  t h e  
potassium b o i l e r  i n l e t  tube  and t h e  b o i l e r  coils are shown i n  F igures  5 and 6. 
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Figure 6. Radiograph of Prototype Corrosion Loop Boiler Coils. 
was Used to Maintain Concentricity of Tubes During Forming. 
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2. Turbine S imula tor  

The machining of t h e  t u r b i n e  s imula to r  nozz le  assembl ies  continued 
du r ing  t h i s  pe r iod ,  The.Mo-TZM a l l o y  nozz le  t h r o a t s  and b lade  assembl ies  
were e l e c t r i c  d i scha rge  niachined wi thout  d i f f i c u l t y .  The machining s t e p s  
r equ i r ed  t o  produce t h e  nozz le  c o n f i g u r a t i o n  are shown i n  F igure  7. 

The f i n a l  Elo-pol i sh ,  a refinement of e lec t r ic  spa rk  d i scha rge  
machining, produced a 32-rms s u r f a c e  f i n i s h  i n  t h e  nozz le  t h r o a t .  Th i s  
s u r f a c e  w a s  f u r t h e r  po l i shed  w i t h  400-gr i t  alumina 'paper ,to remove approxi -  
mately 0.001 m i l  from t h e  s u r f a c e .  A f i n a l  p o l i s h  w i t h  one-micron alumina 
produced an 8-rms f i n i s h ,  Zyglo i n s p e c t i o n  of t h e  f i n i s h e d  parks  i n d i c a t e d  
t h a t  t h e  su r faces  were free of c racks .  

The C b - 1 Z r  components f o r  t h i s  subassembly have been completed 
w i t h  t h e  except ion  of t h e  o u t e r  ca s ings .  These components are scheduled 
f o r  completion e a r l y  i n  t h e  next  r e p o r t  pe r iod .  Upon r e c e i p t  of these 
cas ings ,  t h e  nozz le s  w i l l  be machined t o  t h e  f i n a l  r equ i r ed  dimensions re- 
qui red  t o  o b t a i n  t h e  s l i p  f i t  of t h e  nozz le  assemblies i n t o  t h e  c a s i n g s .  

3. Bime t a1 li c J o i n t  s 

Four j o i n t s  between t h e  Cb-1Zr and Type 316 s t a i n l e s s  steel  p rocess  
tubes  are requi red  t o  provide  a l k a l i  metal fill and gas p r e s s u r e  l i n e  connec- 
t i ons .  The machined components of these j o i n t s  a re  i l l u s t r a t e d  i n  F igu re  8. 
P rocess  kubes were w e l d e d  t o  t h e  Cb-1Zr component, and t h e  w e l d s  were hea t  
treated p r i o r  t o  b raz ing  of  t h e  j o i n t s .  The b raz ing  was performed i n  acaord- 
ance w i t h  S p e c i f i c a t i o n  SPPS-SA. 

4. Vapor Nucleator 

The vapor n u c l e a t o r  components a r e  shown i n  F igure  9 before  and 
a f t e r  welding. The n u c l e a t o r  c a v i t y  i s  loca ted  i n  t h e  "hea t  lens" ,  which 
i s  heated by a tungs ten  c o i l ,  and c o n s i s t s  o f  a stepped ho le  w i t h  t h e  l a r g e r  
en t r ance  c a v i t y  l ead ing  t o  a smaller n u c l e a t o r  c a v i t y .  

5. Potassium P r e h e a t e r  C o i l  

The welding of t h e  potassium p r e h e a t e r  subassembly was completed. 
The e l e c t r o d e s  are shown i n  Figure.10 p r i e r  t o  welding, A completed e lect-  
rode shown i n  F igure  11 i l l u s t r a t e s  t h e  welding o f  t h e  thermocouple w e l d s  and 
t h e  j o i n t  between t h e  e l e c t r o d e  and e l e c t r o d e  bar .  The completed subassem- 
b ly  w i t h  the h e a t e r  co i l s  and vapor n u c l e a t o r  w e l d e d  i n  p l a c e  i s  shown i n  
F igure  12. The h e a t e r  elements and thermal i n s u l a t i o n  f o r  t h e  vapor n u c l e a t o r  
w i l l  be i n s t a l l e d  du r ing  f i n a l  assembly of t h e  loop i n  the  vacuum chamber. 

6. EM Pump Ducts 

.I 

-I 
- I  

Fabr i ca t ion  of the  p r imary  and secondary EM pump d u c t s  w a s  com- 
p l e t e d .  The s h r i n k  f i t s  between t h e  f inned  d u c t s  and o u t e r  wrappers were 

-22- 



P 

~ 

e 

I 
I 
D 
1 

I 
I 
1 
II 

-23- 



_-__ - 
Cb-1Zr Alloy 

Figure 8. Bimetallic Joint Between Cb-1Zr Alloy and Type 316 Stainless Steel. 
Process Tubes, 0.375-Inch OD by 0.065-Inch Wall Thickness, are 
Welded to the Cb-1Zr Alloy Component Prior to Brazing. (Orig. - 
C64122908) I 
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Figure  11. Potassium Preheater C o i l  Electrode for t h e  Prototype  Corrosion Loop 
A f t e r  Welding. (Orig.  - C64123004) 
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Figure 12., Potassium Preheater  Coil-Vapor Nucleator  Subassembly for the Prototype  Corrosion Loop. (Orig. - C65010631) 
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produced wi thout  d i f f i c u l t y .  I n  each case, t h e  o u t e r  wrapper was heated t o  
500°F i n  a i r  and t h e  finned d u c t  was immersed  i n  l i q u i d  n i t r o g e n  t o  f a c i l i -  
t a t e  t h e  s h r i n k  f i t .  The c l o s u r e  w e l d s  were made fo l lowing  s tandard  
procedures .  

7 .  S t r e s s  Diaphragm Pressure  Transducer 

The components of t h e  s t r e s sed  diaphragm pres su re  t r ansduce r  are 
shown i n  F igure  18. During t h i s  repor t  per iod ,  t h e  tungs t en  a rc  welding 
r equ i r ed  f o r  t h e  body assembly was completed. A p rocess  tube  (not shown i n  
F igu re  13) w a s  welded t o  t h e  reducer and t h e  assembly w a s  p o s t w e l d  annealed 
p e r  S p e c i f i c a t i o n  SPPS-3C. The e l e c t r o n  beam welding of t h e  diaphragm 
assembly w i l l  be completed du r ing  t h e  next  r e p o r t  per iod .  

8. Other Components 

The Cb-1Zr a l l o y  components f o r  t h e  condenser subassembly w e r e  
rece ived  du r ing  t h i s  r e p o r t  period. I n  a d d i t i o n ,  s t a i n l e s s  steel components 
w e r e  rece ived  which w i l l  be used to  f a b r i c a t e  a mock-up of t h e  condenser. 
This  s t a i n l e s s  steel mock-up w i l l  be used  to e s t a b l i s h  techniques  f o r  a p p l i -  
c a t i o n  of a h igh  emi t tance  coa t ing  on t h e  condenser f i n s .  

I n  p r e p a r a t i o n  f o r  t h e  post-weld annea l ing  of major loop sub- 
assembl ies ,  s i x  w e l d e d  tes t  samples w e r e  annealed i n  t h e  DuPont Company 
vacuum fu rnace  for 2 hours a t  2200'F k 50'F. 
and, t h e r e f o r e ,  r ep resen t  t h e  worst cond i t ion  f o r  p o t e n t i a l  contamination. 
The pregsure a t  t h e  s t a r t  o f  t h e  2-hour annea l  was 7 x torr  and 
decreased t o  5.5 x t o r r  a t  the end of t h e  2-hour anneal.  Pre l iminary  
chemical ana lyses  of one sample ind ica ted  n e g l i g i b l e  contamination du r ing  
t h e  fu rnace  annea l  as i n d i c a t e d  i n  Table I V .  Add i t iona l  chemical ana lyses  
and bend tests w i l l  be used t o  qua l i fy  t h i s  furnace  p e r  S p e c i f i c a t i o n  SPPS-3C. 

These samples were unrapped 

D. P ro to type  Corros ion  Loop Components 

1. Slack  Diaphragm Pres su re  Transducers 
* 

The metal l ic  impurity content of t h e  NaK sample taken  by Taylor 
du r ing  t h e  f i l l i n g  of t h e  p re s su re  t r ansduce r s  w a s  determined by Nuclear 
M a t e r i a l s  and Equipment Corporation w i t h  t h e  fo l lowing  r e s u l t s  as ppm of 
c h l o r i d e :  Fe <5, B < 5 ,  Co < 5 ,  Mn <1, A 1  <5 ,  Mg <1, Sn < 5, Cu <1, 
Pb < 5 ,  C r  < 5 ,  S i  < l o ,  T i  < 5 ,  Ni <5 ,  Mo < 5 ,  V < 5 ,  Be <1, Ag <1, Sr <1, 
Ba <2, C a  <1. The a n a l y s i s  of t h i s  N a K  f o r  oxygen by t h e  amalgamation 
method produced va lues  of 3.3 and 4 . 3  ppm oxygen. Thus, it appears  t h a t  t h e  
p u r i t y  of t h e  NaK was maintained during t h e  f i l l i n g  ope ra t ion .  

2. S t r e s s  Diaphragm Pressure  Transducer 

Purchase of a l i n e a r  vnltage d i f f e r e n t i a l  t r ans fo rmer  (LVDT) co i l  
f o r  t h e  Pro to type  t r ansduce r  continued t o  be a problem. The vendor Consolidated 
Con t ro l s  Corpora t ion)  would not guarantee l e a k  t i g h t n e s s  of a s tandard  coi l  

* 
-----------______---I 

Taylor  Instrument Company, R o c h e s t e r ,  New York. 
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Figure 13, Stressed Diaphragm Transducer Assembly f o r  t h e  Prototype  Corrosion 

Loop. (Orig .  - C64122910) 
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TABLE I V  

CHEMICAL ANALYSES OF WELDED Cb-1Zr A m y  

Sample 

1 

2*** 

3*** 

n. 

SAMPLES ANNEALED I N  THE DuPONT COMPANY VACUUM FUlUUCE* 

Chemical Analys is ,  ppm 
0 C - H - N - - Condit ion 

Parent  metal, as-received** 56 14 6 10 

Parent  metal  fol lowing 2200°F, 89 19 2 20 
2-hour anneal  

Weld m e t a l  fo l lowing  2200°F, 99 16 1 10 
2-hour anneal (weld process 
c o n t r o l  No. 29) 

* B r e w  Company Cold-Wall, Tantalum-Heater Vacuum Furnace; Useable 
Furnace Volume: 42-Inch x 12-Inch x 104-Inch. 

** A l l  Samples w e r e  0.040-Inch Thick Sheet I d e n t i f i e d  by MCN No. 454. 

-5 *** Pressu re  a t  S t a r t  of 2-hour anneal:  7 x torr. 
Pressu re  a t  End of 2-hour anneal: 5.5 x 10 t o r r .  

1- 
I -  
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due t o  t h e  f a c t  t h a t  t h e  header used t o  sea l  t h e  end of t h e  c o i l  housing 
can be damaged dur ing  f i n a l  welding o p e r a t i o n s .  Two a v a i l a b l e  c o i l s  of 
t h e  same design were t e s t e d  f o r  l eak  t i g h t n e s s  by exposing them t o  100 p s i  
helium f o r  one day and p l a c i n g  them i n  a vacuum t i g h t  c o n t a i n e r  which w a s  
connected t o  a mass spectrometer l e a k  d e t e c t o r .  Both c o i l s  showed s i g n i f -  
i c a n t  l eaks  and it i s  assumed t h a t  any new c o i l  would a l s o  have a r e l a t i v e l y  
l a r g e  leak .  S ince  it  i s  not  p o s s i b l e  t o  g e t  a l eak  t i g h t  c o i l  wi thout  
major redes ign  of t h e  c o i l  assembly, t h e  c o i l  t o  be used  i n  t h e  P ro to type  
Corros ion  Loop w i l l  be purchased wi th  a 0.062-inch d iameter  ho le  d r i l l e d  
through t h e  c o i l  housing, and t h e  assembly w i l l  be baked ou t  i n  a vacuum 
f o r  100 hours a t  750'F p r i o r  t o  loop i n s t a l l a t i o n .  

3. Flow Tes t  of t h e  Metering Valve 

The ope ra t ing  c h a r a c t e r i s t i c s  of t h e  metering va lve  f o r  t h e  potas -  
sium c i r c u i t  of t h e  Pro to type  Corros ion  Loop w e r e  exper imenta l ly  determined 
i n  room temperature flow tests u s i n g  h igh-pur i ty  n i t rogen  gas.  The metering 
va lve  i s  a modified Hoke, Mfg. Company Model CB-442 bellows sea led  va lve  wi th  
a 5/32-inch o r i f i c e  and 3/8-inch d i a m e t e r  p rocess  tubes .  A l l  p a r t s  i n  con- 
t ac t  wi th  t h e  l i q u i d  metal a r e  f a b r i c a t e d  from Cb-1Zr except f o r  t h e  molyb- 
denum a l l o y  Mo-TZM plug  shown i n  F igure  14. 

The manually operated va lve  has  a maximum plug  l i f t  of 0.125 inch  
and i s  operated by a threaded stem i n  a b a l l  bea r ing  screw nut  having a 
p i t c h  of 0.125 inch .  The l i f t  o f f  i s  equa l  t o  0.001 inch  f o r  3 degrees  of 
r o t a t i o n  of t h e  va lve  s t e m .  Therefore,  t h e  f i r s t  30-40' (0.010-0.015 inch)  
of r o t a t i o n  i s  requi red  t o  l i f t  t h e  p l u g  s u f f i c i e n t l y  t o  raise t h e  c y l i n d r i -  
c a l  s e c t i o n  above t h e  t a p e r  from t h e f . o r i f i c e .  The 75' included ang le  t ape red  
s e c t i o n  i s  e s s e n t i a l l y  t h e  c o n t r o l  su r f ace .  The remaining 95' (0.033 inch)  
of r o t a t i o n  inc reases  t h e  gap between t h e  base of t h e  p lug  and t h e  seat  u n t i l  
t h e  flow area  of t h e  gap i s  approximately equa l  t o  t h e  a r e a  of t h e  5/32-inch 
o r i f  ice. 

The r e s u l t s  of t h e  flow tes t  on t h e  meter ing  va lve  a r e  shown i n  
F igure  15 f o r  n i t r o g e n  gas wi th  a p re s su re  loss  of 1, 2, and 4 p s i  w i t h  an 
atmospheric d i scharge .  The metering zone can be seen t o  extend from approxi- 
mately 30 t o  230' of r o t a t i o n .  

Flow c o e f f i c i e n t s  based on t h e  flow t e s t  were computed f o r  t h e  f u l l  
range of plug l i f t  o f f  a s  a f u n c t i o n  of r o t a t i o n .  The flow c o e f f i c i e n t  
computed f o r  gases  i s  e s s e n t i a l l y  equ iva len t  t o  l i q u i d  having v i s c o s i t i e s  
equal  t o  or less than  water. The p res su re  drop as a func t ion  of r o t a t i o n  
w a s  t hen  computed f o r  potassium a t  t h e  P ro to type  Loop tes t  cond i t ion  of 
40 lb s /h r  a t  800'F and i s  shown i n  F igure  16. 

These r e s u l t s  i n d i c a t e  t h a t  c o n t r o l  of potassium flow i n  t h e  secon- 
d a r y  c i r c u i t  can be achieved i n  t h e  p r e s s u r e  loss range of 1 t o  50 p s i ,  
however, t h e  c o n t r o l  i n  t h e  10 t o  50 p s i  range w i l l  be very s e n s i t i v e  t o  sma l l  
changes i n  t h e  p lug  p o s i t i o n .  
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4. Condenser F in  Coating Eva lua t ion  Tes t  

3 
As repor ted  i n  a prev ious  progress  r e p o r t  , t h e  o r i g i n a l  h e l i c a l -  

type  condenser was replaced wi th  a f inned  s t r a i g h t  tube  condenser. This 
change was made t o  inc rease  t h e  en t r ance  vapor v e l o c i t y  t o  400 f t / s e c  i n  
order t o  be i n  t h e  range of i n t e r e s t  f o r  advanced space condensers.  Sub- 
sequent emittance t e s t s 4  on s e v e r a l  types  of g r i t - b l a s t e d  Cb-1Zr a l l o y  
specimens ind ica ted  t h a t  emi t tance  Values of approximately 0 .4  could be 
achieved. In o r d e r  t o  inc rease  t h e  hea t  r e j e c t i o n  c a p a b i l i t y  of t h e  0.25- 
inch t h i c k  x 4-inch w i d e  x 60-inch long f i n ,  t h e  NASA c o n t r a c t  manager 
suggested t h a t  a high emi t tance  c o a t i n g  of i r o n  t i t a n a t e  (Fe2TiOg) on t h e  
Cb-1Zr a l l o y  f i n  be considered f o r  t h i s  a p p l i c a t i o n .  A test  program t o  
e v a l u a t e  t h i s  coa t ing  and o t h e r s  f o r  Cb-1Zr i s  c u r r e n t l y  i n  p rogres s  a t  
P r a t t  & Whitney A i r c r a f t  under NASA sponsorsh ip .  A r e c e n t  r e p o r t  summarizes 
t h e  c u r r e n t  s t a t u s  of t h i s  program5. 
0.85-0.87 has been measured f o r  an i r o n  t i t a n a t e  c o a t i n g  on Cb-1Zr tub ing  
which has operated f o r  1,950 hours a t  1700'F i n  a vacuum of t o r r ,  
P r a t t  & Whitney has a l s o  determined t h a t  t h e  4-mil t h i c k  i r o n  t i t a n a t e  
c o a t i n g  w i l l  wi ths tand  rap id  thermal c y c l i n g  wi th  no d e t e c t a b l e  d e t e r i o r a -  
t i o n  i n  coa t ing  i n t e g r i t y .  

A t o t a l  hemispher ica l  emi t t ance  of 

The t e s t  which w i l l  be descr ibed  below has been conducted by 
General E l e c t r i c ,  i n  o r d e r  t o  determine t h e  thermal c y c l i n g  c h a r a c t e r i s t i c s  
of t h e  i r o n  t i t a n a t e  c o a t i n g  under t e s t  c o n d i t i o n s  q u i t e  s i m i l a r  t o  those  
which w i l l  e x i s t  i n  t h e  Pro to type  Loop. T e s t  specimens f o r  t h i s  study were 
coated by R.  Emanuelson of P r a t t  & Whitney. One specimen was g r i t  b l a s t e d  
wi th  alumina and t h e  o t h e r  wi th  s i l i c o n  ca rb ide  p r i o r  t o  t h e  a p p l i c a t i o n s  
of t h e  3.5-mil l a y e r  of i r o n  t i t a n a t e  by plasma-arc sp ray ing  us ing  a non- 
ox id i z ing  gas t o  form t h e  plasma. 

The tes t  equipment cons i s t ed  of an e l e c t r i c a l  r e s i s t a n c e ,  r a d i a -  
t i o n  type furnace wi th  a thermal c a p a c i t y  of 1.5 KW. A l l  thermal i n s u l a t i o n  
cons i s t ed  of m u l t i p l e  l a y e r s  of tantalum f o i l  separa ted  by a 0.020-inch 
d iameter  wire.  The h e a t e r  element was a s i n g l e  h e l i c a l  c o i l  f a b r i c a t e d  from 
0.050-inch d i a m e t e r  tungs ten  w i r e .  Two Cb-1Zr specimens, 0.25-inch t h i c k  x 
2-inch w i d e  x 2.5-inch long, were i n s e r t e d  i n t o  t h e  fu rnace  oppos i t e  t h e  
tungs ten  hea t ing  element a s  shown i n  F igure  17. Approximately 0 . 5  inch of 
t h e  f i n  w a s  l e f t  uncoated and t h i s  p o r t i o n  of t h e  specimen w a s  i n s e r t e d  i n t o  
t h e  fu rnace .  The remaining 2-inch f 2-inch s e c t i o n  of t h e  f i n  p ro jec t ed  o u t  
from t h e  furnace  and was held i n  p b s i t i o n  by smal l  t an ta lum t a b s  which were 
spot  w e l d e d  t o  t h e  furnace .  The e n t i r e  furnace  wi th  specimens was mounted 

Potassium Corros ion  T e s t  Loop Development, Q u a r t e r l y  P rogres s  Report N o .  4 
f o r  Period Ending J u l y  15, 1964, NASA Cont rac t  NAS 3-2547, NASA-CR-54167, 
p. 49. 

I b i d . ,  p. 52. 

Semi-annual Progress  Report ,  Determination of t h e  Emissi-vity of Mate r i a l s ,  
Report Period: May 14-Nov. 15, 1964, R. C .  Emanuelson, P r a t t  & Whitney 
A i r c r a f t ,  NASA Cont rac t  NAS 3-4174, NASA-CR-54268, 
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i n  a 24-inch d i a m e t e r  u l t r a  high vacuum s y s t e m  capable  of 1 x lo-' t o r r  
ope ra t ion .  The chamber w a l l s  were water-cooled t o  remove r a d i a t i o n  hea t  
loads  from t h e  specimens and furnace .  

The t e s t  con f igu ra t ion  i l l u s t r a t e d  i n  F igure  17 shows an uncoated 
and a coated specimen. For t h e  f i r s t  236 hours of t h e  test  t h e  t o p  spec i -  
ment was an i r o n  t i t a n a t e  coated specimen which was g r i t  b l a s t e d  wi th  s i l i -  
con ca rb ide  p r i o r  t o  a p p l i c a t i o n  of t h e  coa t ing .  A f t e r  236 hours  of t e s t i n g ,  
t h i s  specimen was replaced wi th  t h e  uncoated g r i t - b l a s t e d  specimen a s  shown 
i n  F igure  18. 

Longitudinal temperature g r a d i e n t s  i n  t h e  specimen were measured 
by f i v e  W-3%Re/W-25%Re thermocouples a t t ached  t o  t h e  edge of each specimen. 
These thermocouples were a l s o  used  t o  o b t a i n  coo l ing  ra tes  du r ing  t h e  
thermal t r a n s i e n t  p o r t i o n  of t h e  c y c l e ;  

The two coated samples d i f f e r e d  only  i n  t h e  pre-coa t ing  s u r f a c e  
roughening process. The bottom specimen w a s  prepared by g r i t  b l a s t i n g  w i t h  
alumina g r i t  and t h e  t o p  specimen was g r i t  b l a s t e d  wi th  S i c  g r i t .  

Following t h e  i n i t i a l  h e a t i n g  of t h e  specimens t o  a maximum 
coated region temperature of 1500°F, t h e  specimens were he ld  a t  t empera ture  
f o r  77 hours.  A t  t h i s  t i m e  t h e  d a i l y  thermal c y c l i n g  of t h e  specimens was 
i n i t i a t e d .  A t e s t  c y c l e  cons i s t ed  of t h e  following: t u r n i n g  o f f  t h e  elec- 
t r i c a l  power t o  t h e  furnace  i n  approximately one minute, a l lowing  t h e  spec i -  
mens t o  cool  by r a d i a t i o n  t o  t h e  chamber w a l l s  t o  a temperature of 150'F 
and then  r ehea t ing  t h e  specimens t o  a temperature of 1500'F ( tempera ture  of 
h o t t e s t  coated region) over  a one-hour per iod .  Seven thermal cyc le s  of t h i s  
t ype  w e r e  completed i n  a t o t a l  of 236 hours of t es t  ope ra t ion .  The tes t  was 
i n t e r r u p t e d  a f t e r  236 hours of test  o p e r a t i o n  and seven thermal cycles t o  
r ep lace  t h e  s i l i c o n  ca rb ide  g r i t  b l a s t e d ,  i r o n  t i t a n a t e  coated specimen w i t h  
an uncoated, g r i t - b l a s t e d  specimen. 

During t h e  236 hours of test  o p e r a t i o n  e s s e n t i a l l y  no d i f f e r e n c e s  
were de tec ted  i n  t h e  temperature p r o f i l e s  of t h e  two coated specimens a s  
i l l u s t r a t e d  i n  F igure  19, N o  changes occurred w i t h  t i m e  or fo l lowing  
cyc l ing .  This would sugges t  t h a t  t h e r e  were no changes i n  c o a t i n g  i n t e g r i t y  
or emi t tance .  Visual examination of t h e  two specimens fo l lowing  opening of 
t h e  t e s t  chamber revea led  no evidence of s p a l l i n g  or c o a t i n g  d e t e r i o r a t i o n .  

A s  was mentioned above, an uncoated, alumina g r i t - b l a s t e d  specimen 
w a s  t hen  s u b s t i t u t e d  f o r  t h e  s i l i c o n  ca rb ide  g r i t  b l a s t ed  and coated spec i -  
men i n  o r d e r  t o  o b t a i n  a comparison of t h e  hea t  r e j e c t i o n  p r o p e r t i e s  of t h e s e  
two s u r f a c e  t rea tments .  

The t e s t  was continued u n t i l  a t o t a l  of 1,000 hours of tes t  t i m e  
had been completed. During t h e  1,000-hour t e s t ,  t h e  alumina g r i t  b l a s t e d ,  
coated f i n  specimen was subjec ted  t o  25 thermal cyc le s  a t  approximately 
24-hour i n t e r v a l s  du r ing  t h e  f i r s t  750 hours of t h e  tes t .  Following t h e  
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25th cycle, t h e  specimen was held a t  temperature  f o r  an a d d i t i o n a l  250 hours  
and then  subjected t o  one f i n a l  cycle .  A summary of t h e  thermal h i s t o r y  of 
t h e  coated specimen i s  given below: 

A t  temperature: 922 hours 

Cooling t o  150°F: 52 hours 

I .  
t I 
'I 

1 -  
I -  

Heating t o  1500OF: 

'LDTAL 

26 hours  

1,000 hours  

During t h e  experiment,  t h e  p re s su re  i n  t h e  system (with t h e  speci- 
mens a t  temperature) decreased from 9 .0  x torr  a t  t h e  s ta r t  of t h e  test 
t o  9.5 x 10-l' to r r  a t  t h e  completion of t h e  test. 

The temperature  d i s t r i b u t i o n s  a long  t h e  coated and t h e  g r i t  b l a s t ed  
f i n  specimens are shown i n  Figure 19. The e f f e c t i v e n e s s  of t h e  coa t ing  treat- 
ment i s  q u i t e  ev iden t ,  y i e l d i n g  a f i n  end temperature of 1070°F compared t o  a 
temperature  of 1245OF f o r  t h e  g r i t  b l a s t ed ,  uncoated specimen. 

The end temperature of a Cb-1Zr f i n  specimen having t h e  dimensions 
of t h e  specimens used i n  t h i s  experiment, a s  a func t ion  of s u r f a c e  emi t tance  
was c a l c u l a t e d  us ing  t h e  r e l a t i o n s h i p s  developed by S. Leiblein6.  The curve 
developed i s  shown i n  F igure  20. The a c t u a l  end temperature  of t h e  coated 
f i n ,  1070°F, and t h e  a c t u a l  emit tance va lve  measured by P r a t t  & Whitney7 f o r  
t h i s  coa t ing  a t  1800°F on tubu la r  specimens a r e  a l s o  shown on t h i s  f i g u r e .  
I t  may be noted t h a t  t h e  a c t u a l  end temperature  i s  w i t h i n  10°F of t h e  ca lcu-  
l a t e d  value based on t h e  measured emi t tance  (0.85-0.87). The discrepancy,  
though small ,  would be even less i f  t h e  o u t e r  edge (1/4-inch x 2-inch) of 
t h e  specimen had been coated.  

It  may a l s o  be noted i n  Figure 20 t h a t  t h e  e f f e c t i v e  emi t tance  of 
t h e  uncoated, g r i t - b l a s t e d  specimen was approximately 0.3, which is  consid- 
e r a b l y  less than t h e  value of 0.42 previous ly  measured8 on shee t  specimens. 
D i f f e rences  i n  t h e  g r i t  b l a s t i n g  t rea tment  are probably responsibae f o r  t h i s  
discrepancy.  

Le ib l e in ,  S., Analys is  of Temperature D i s t r i b u t i o n  and Radiant Heat 
Transfer  Alone: a R e c t a n m l a r  Fin of Constant Thickness.  NASA Technical 
N o t e  D-196, November, 1959. 

Semi-annual Progress  Report ,  Determination of t h e  Emiss iv i ty  of Mate r i a l s ,  
Report Per iod:  May 14-Nov. 15, 1964, R. C. Emanuelson, P r a t t  & Whitney 
A i r c r a f t ,  NASA Contract  NAS 3-4174, NASA-CR-54268. 

Potassium Corrosion T e s t  Loop Development, Quar te r ly  Progress  Report No .  4 
for  Period Ending J u l y  15, 1964, NASA Contrac t  NAS 3-2547, NASA-CR-54167, 
p.  49. 
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c 

A further comparison of the emittances of the specimens can be 
made from the cooling rates obtained during the thermal cycling phase of 
the test. The heat loss from the specimen can be expressed by: 

4 dQ = 6 E A (Ts4 - T ) dt 
W 

where 

Q = Heat radiated per unit time 

= Stefan-Boltzmann constant 

E = Hemispherical emittance 

A = Surface area of fin 

= Absolute temperature of radiating surface 
TS 

T = Absolute temperature of chamber wall 
W 

and 

d Q =  W C d T  

where 

W = Weight of fin 

C = Heat capacity of Cb-1Zr 

T = Temperature of fin 

Equating the above equations we obtain: 

dT = r e  A (Ts 4 - T' 4 1' - 
dt w c  

For similar specimens differing only in their surface emittances, the 
ratio of the cooling rates, -, dT evaluated at the same surface temperature should 

dt 
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be equa l  t o  t h e  r a t i o  of t he  emi t tances .  The c o o l i n g  rate equa t ion  can be de- 
termined from Figure 21where  t h e  specimen tempera tures  are shown as a f u n c t i o n  
of t i m e  which can be expressed as: 

l o g  T = A log t + l o g  b t A l  

o r  
A 

T = b t  t h l  

d i f f e r e n t i a t i n g  and c o l l e c t i n g  t e r m s , w e  ob ta in :  

S u b s t i t u t i n g  t h e  experimental  va lue  from Figure  20,we ob ta in :  

Fe T i 0  coated specimen 2 5  

Uncoated specimen 

dT 322 
t l l  - = -  

a t  t l .  22 

- 494 t h l  
d T  

dt tl. 25 
- -  

Eva lua t ing  t h e  cooling rates a t  1000° and 800°F, w e  o b t a i n  wi th  t h e  a i d  of F igu re  
21, t h e  fo l lowing  va lues :  

Uncoated 
dT 
d t  
- T t 

Coated 
dT 
d t  
- t 

1.05 min 303 OF/min 1000°F 3.5 min 104OF/min 

800°F 6 . 3  min 50°F/min 2.0 min 138OF/min 

dT uncoated 
d t  
- dT coated 

i s  equa l  t o  0.34 eva lua ted  a t  The r a t i o  o f  t h e  coo l ing  rates, - 
d t  

1000°F and 0 .36  evaluated a t  800°F which i s  i n  good agreement wi th  t h e  r a t i o  of 
t h e  emi t tance  (0 .35)  of t h e  specimens obta ined  i n  s t eady  s t a t e  t e s t i n g . ( F i g u r e  20). 

E .  Ref luxing  Potassium Compa t ib i l i t y  T e s t s  

The two re f lux ing  potassium capsu le  tes ts  which a r e  being conducted t o  deter- 
mine t h e  e x t e n t  of mass t r a n s f e r  of Mo-TZM a l l o y  t u b u l a r  i n s e r t  specimens i n  t h e  
condenser r eg ion  o f  Cb-1Zr a l l o y  capsu le s  have been s t a r t e d .  The test system has  
been descr ibed  i n  prev ious  progress  r e p o r t s g , l O .  

Potassium Corrosion T e s t  Loop Development, Q u a r t e r l y  P rogres s  Report NO. 3 
f o r  Period Ending A p r i l  15, 1964, NASA Con t rac t  NAS 3-2547, NASA-CR-54081, 
p. 37. 

Potassium Corrosion T e s t  LOOP Development, Quar t e r ly  P rogres s  Report No. 5 
f o r  Period Ending October 15, 1964, NASA Con t rac t  NAS 3-2547, NASA-CR-54269, 
p. 28. 

10 
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Figure 21. Cooling Curves for the Coated and the Grit Blasted Cb-1Zr Fin 
Specimens. 
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A f t e r  p l ac ing  t h e  capsules  i n  t h e  t es t  f a c i l i t y  and in s t rumen t ing  them w i t h  
W-3%Re/W-25%Re thermocouples, t h e  u l t r a -h igh  vacuum chamber was sealed and evac- 
uated t o  a p re s su re  of 50 microns of Hg us ing  a molecular s i e v e  t rapped  mechanical 
pump. Using cryogenic s o r b t i o n  pumps, t h e  p r e s s u r e  was reduced t o  1.5 microns 
of Hg a t  which t i m e  t h e  g e t t e r - i o n  pump was s t a r t ed .  The p r e s s u r e  p r i o r  t o  bake- 
ou t  w a s  2.0 x 10-8 t o r r .  
t o  2.2 x t o r r .  A l l  p r e s s u r e s  monitored i n  t h e  u l t r a - h i g h  vacuum range were 
obtained us ing  a Bayard-Alpert i o n i z a t i o n  gauge loca ted  on t h e  s i d e  of t h e  chamber. 

A f t e r  a 14-hour bakeout a t  400'F, t h e  p r e s s u r e  decreased 

Power w a s  a p p l i e d  t o  both  h e a t e r s  and t h e  tes t  tempera ture  of 2000'F w a s  
reached i n  45 hours whi le  t h e  p r e s s u r e  w a s  maintained a t  less than  1 x t o r r .  
Unstable b o i l i n g  was encountered i n  t h e  tempera ture  range 1300° t o  1700'F i n  both 
capsules .  The l i q u i d  potassium temperature was recorded as h igh  as 148OF above 
t h e  vapor temperature du r ing  t h i s  uns t ab le  cond i t ion ,  and as low as 18OF above 
t h e  vapor temperature du r ing  moments of v i o l e n t  b o i l i n g .  Two thermocouples, one 
i n  t h e  l i q u i d  zone and one on t h e  e x t e r n a l  s u r f a c e  of t h e  condensing zone of 
Capsule #1, became i n o p e r a t i v e  a f t e r  t h e  u n s t a b l e  bo i l ing .  

8 
8 
I 
I 
8 
I 

d 

The two capsules  have completed 1,243 hours of t e s t i n g  a t  2000'F. The p res -  a s u r e  i n  t h e  vacuum chamber a t  t h i s  time i s  1.0 x 10-8 t o r r .  
t h e  va r ious  reg ions  of t h e  two capsu le s  are g iven  i n  Table V .  

The tempera tures  of 

The average condensing ra tes  of potassium as determined by t h e  h e a t  measure- 
ment technique  previous ly  descr ibed  and u s i n g  a va lue  of 736.9 BTU/lb as t h e  hea t  
of condensa t ion l l  are given below: 

.I Capsule #1 

Capsule # 2  

Capsule #1 w i l l  be removed from t h e  t es t  chamber and eva lua ted  a f t e r  com- 

19.8 l b s / f  t 2 / h r  (0.160 gm/cm2/min) 

20.2 l b s / f t 2 / h r  (0.165 gm/cm2/min) 

p l e t i o n  of 2,500 hours of ope ra t ion .  Capsule # 2  w i l l  be t e s t e d  f o r  an a d d i t i o n a l  
2,500 hours.  

F. Hel ium A n a l v s i s  Svstem 

I Due t o  t h e  d i f f i c u l t y  i n  o b t a i n i n g  r e l i a b l e  ana lyses  f o r  water  wi th  t h e  mass 
spectrometer12, an e l e c t r o l y t i c  hygrometer system has  been designed and cons t ruc t ed  
f o r  t h e  de te rmina t ion  of mois ture  w i t h i n  t h e  welding chamber. F igure  22 shows a 
schematic diagram o f  t h e  system. Sample gas from t h e  welding chamber i s  con t in -  
uously drawn through t h e  e l e c t r o l y t i c  c e l l  and t h e  flowmeter t r ansduce r .  The 
e l e c t r o l y t i c  ce l l  i s  used t o  determine t h e  wa te r  vapor flow r a t e  and t h e  flowmeter 

'I Ewing, C..  T . ,  Stone, J .  P . ,  Spann, J .  R . ,  S te inku  
and Miller, R. R . ,  High Temperature P r o p e r t i e s  of 
Report 6128, August, 1964. 

Potassium Corrosion T e s t  Loop Development, Quar t e r  
f o r  Per iod  Ending J u l y  15, 1964, NASA Con t rac t  NAS 
p. 62. 

( I  

12 

ler,  E .  W . ,  Will iams, D. D . ,  -I  
Sodium and Potassium," NRL 

y P rogres s  Report N o .  4 
3-2547, NASA-CR-54167, 
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TABLE V . 
TEMPERATURE OF CAPSULES #1 AND #2 

Locat ion 

Mean 
Temp. 
OF 

Mean 
Deviation 

OF 

Capsule #1 

Thermocouple well in condensing region 1991 

Brightness optical pyrometer in condensing 1908 
region opposite thermocouple well(1) 

Capsule #2 

Thermocouple well in liquid region 2006 

Thermocouple well in condensing region 2000 

Thermocouple on external surface of cap- 1993 
sule opposite thermocouple well 

Brightness optical pyrometer in condens- 1904 
ing region opposite thermocouple well(l) 

(1) Values Lack Correction for Emissivity of Surface. 

f 5.0 

f 3.4 

f 3.6 

f 3.8 

f 4.6 

k 1.0 

I -  
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(8) Hygrometer Cell Milliammeter - Weston 

(9) Flowmeter Control - Hastings Type LF-100 
Model 911 (Multirange) 

40 Valve (1) 

Hygrometer (8) Flowmeter (9) 

, ?  p 

Weld Chamber II 

Figure 22. 

Flowmeter 4 c - - - J  
Tr ansducer I 1 
(3) 

Valve ---c 

(4) Vacuum 
Gauge 

( 5  1 

Pump .--t 

Sample In 

Vacuum 

(7 1 

Schematic of Electrolytic Hygrometer System for Moisture Measurement 
in Welding Chamber. 
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8 .  

1- 
I -  

measures t h e  t o t a l  gas  flow. To decrease t h e  response t i m e  of t h e  system, t h e  
l e n g t h  of  sample l i n e  and the  number of f i t t i n g s  between the  c e l l  and t h e  welding 
chamber have been minimized. With the  welding chamber helium p res su re  autbmat- 
i c a l l y  regula ted  and c r i t i c a l  f l o w  through the  meter ing va lve ,  no a d d i t i o n a l  
flow r e g u l a t i o n  has been found to be necessary.  The e l e c t r i c a l  c i r c u i t  for  the 
cel l  c o n s i s t s  of a 67.5-volt ba t t e ry  connected i n  series w i t h  t h e  cel l ,  a 10,000 
ohms c u r r e n t  l i m i t i n g  resistor, the  mill iammeter,  and a s w i t c h .  The multi-range 
m i l l i a m m e t e r  g ives  f u l l  s c a l e  ind ica t ion  for  0.1, 0.3,  1.0,  3.0, 10.0, 30.0 or  
100 mill iamps. 

The ope ra t ion  of t he  hygrometer i s  based on Faraday ' s  l a w  which, when appl ied  
t o  t h e  e l e c t r o l y s i s  of water, s t a t e s  t h a t  f o r  each Faraday (96,500 coulombs), 
9.008 grams of water  (one gram equiva len t  weight) d i s s o c i a t e  i n t o  hydrogen and 
oxygen gas.  If water vapor i s  be ing  e l ec t ro lyzed  a t  a cons tan t  r a t e ,  t h i s  rate 
i s  9.008 = 9.34 x 10-5 gm/sec of water vapor/ampere of e l e c t r o l y z i n g  cu r ren t .  

This  va lue  may be converted t o  standard volume u n i t s  to  o b t a i n  0.1266 s t d  cc/ 
sec p e r  ampere of e l e c t r o l y z i n g  cur ren t  when s tandard cond i t ions  a r e  taken as 
25OC and 760 torr pressure .  
moisture  conten t  (ppm by vol )  = 

96,500 

Using t h i s  f a c t o r ,  it may r e a d i l y  be shown tha t  

7.60 x e l e c t r o l y z i n g  cu r ren t  (microamperes). 
t o t a l  f l o w  rate ( s t d  cc/min) 

I t  has  been found q u i t e  convenient t o  set t h e  t o t a l  flow rate a t  76.0 s t d /  
cc/min so tha t  the  moisture  content  i n  ppm by volume i s  j u s t  0.1 t i m e s  t h e  cel l  
c u r r e n t  i n  microamperes. 

The Hastings-Raydist  type LF-100 mass flowmeter reads d i r e c t l y  0-100 cc/ 
min of a i r  a t  s tandard condi t ions .  C a l i b r a t i o n  w a s  performed here f o r  helium 
us ing  a "bubble flowmeter", and severa l  c a l i b r a t i o n  p o i n t s  w e r e  a l s o  obtained 
us ing  a w e t  test meter. A l l  c a l i b r a t i o n  p o i n t s  have been corrected to  s tandard 
cond i t ions  ( i . e . ,  25'C and 760 torr p r e s s u r e ) .  The r e s u l t s  of t h i s  c a l i b r a t i o n  
a r e  shown i n  Figure 23. The manufacturer of t h e  flowmeter s t a t e s  t h a t  t h e  i n s t r u -  
ment i s  accu ra t e  wi th in  2% a t  pressures  from 0.01 psia  t o  250 p s i a  and tempera- 
t u r e s  to  200°F. The c a l i b r a t i o n  poin ts  of Figure 23 w e r e  obtained w i t h  helium 
p r e s s u r e s  a t  the t ransducer  between atmospheric and 10 p s i g  and no p a r t i c u l a r  
t rend wi th  p re s su re  was noted.  

The minimum cur ren t  through the ce l l  t h a t  has been obtained to  d a t e  i s  9 
microamps, corresponding t o  a moisture  i n d i c a t i o n  under normal f l o w  cond i t ions  
of about 1 ppm. Since t h i s  va lue  has been obtained under both no flow and nor- 
m a l  f low cond i t ions ,  t he  present  tendency i s  t o  cons ider  t h i s  a background" 
c u r r e n t  which could a r i s e  from 1) r e s i d u a l  r e s i s t a n c e  of the  cell ,  2) t h e  
f a c t  t h a t  t h e  flow system is  s t i l l  not completely d r y ,  o r  3) leakage of a t -  
mospheric moisture  i n t o  t h e  system. Fur the r  i n v e s t i g a t i o n  of the source of t h i s  
background c u r r e n t  i s  planned. 

11 

Although only a l imi ted  amount of data has  thus  f a r  been obtained on t h e  
q u a l i t y  of moisture  i n  t h e  welding chamber and t h e  change of moisture  conten t  
under var ious  condi t ions ,  the  following e f f e c t s  have been noted: 
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1 

1. 

2. 

3. 

Upon i n i t i a l  f i l l i n g  of t he  chamber, t h e  m o i s t u r e  conten t  i s  
e s s e n t i a l l y  ze ro  and w i l l  remain below the  1 ppm l e v e l  f o r  a 
per iod of about an hour i f  no hea t  i s  appl ied  t o  t h e  i n t e r i o r  
of the  chamber. 

H e a t  appl ied t o  t h e  chamber, either by welding i n s i d e  or by 
hea t ing  t h e  chamber w a l l s  by pass ing  hot water through the 
j a c k e t ,  r e s u l t s  i n  an inc rease  i n  moisture  concent ra t ion .  

11 Overnight 
mately 120'F) r e s u l t s  i n  a decrease i n  the  quan t i ty  of m o i s -  
t u r e  observed upon subsequent f i l l i n g  of t h e  chamber. 

bakeout" of t h e  chamber wi th  hot  water (approxi- 

These observa t ions  i n d i c a t e  t h a t  t h e r e  i s  both a source and a s i n k  f o r  w a t e r  
vapor  w i t h i n  the chamber and t h a t  t h e  n e t  change i n  moisture  content  depends on 
which of t h e  t w o  processes  predominates. The behavior of t h e  water  vapor conten t  
w i t h i n  t h e  welding chamber and t h e  t e n t a t i v e  conclusions reached h e r e  are q u i t e  
s imilar  t o  those  obtained a t  Westinghouse Ast ronuclear  Lab13. 

Lessman,, G. G. and Stoner ,  D. R. ,  Determination of the Weldabi l i ty  and 
Elevated TemDerature S t a b i l i t v  of Ref rac torv  Metal A l l o v s .  Q u a r t e r l v  Report  _ -  , - 

No. 3 f o r  Per iod Dec. 21, 1963 t o  Mar. 21, 1964. Contract  NAS 3-2540, W e s t -  
inghouse E l e c t r i c  Corporat ion,  Astronuclear  Laboratory.  
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IV FUTURE WORK 

A. 

B. 

C. 

D. 

Fabrication of the Prototype Corrosion Test Loop will be completed and 
instrumentation of the loop will begin. 

The fabrication of the alkali metal purification and handling systems 
for the Prototype Corrosion Test Loop will be completed and purification 
of the potassium by hot gettering and distillation initiated. 

All instrumentation tasks on the Prototype Corrosion Test Loop which can 
be accomplished prior to completion of the fabrication of the loop will 
be finished. 

Refluxing Potassium Capsule #1 will be taken off test when 2,500 hours 
of operation has been completed on March 3. Capsule #2 will be tested 
an additional 2,500 hours. 
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Attn:  L ib ra r i an  

Convair As t ronaut ics  
5001 Kerrny V i l l a  Road 
San Diego 11, C a l i f o r n i a  
Attn:  L ib ra r i an  

Cruc ib le  S t e e l  Company of America 
P i t t s b u r g h ,  Pennsylvania  
Attn:  L i b r a r i a n  

Curt  i as , -~Wright  C w p o r a t  i on  
Research Div is ion  
Quenanna, Pennsylvania  
Attn:  L i b r a r i a n  

Douglas A i r c r a f t  Company 
San ta  Monica, C a l i f o r n i a  
Attn:  L i b r a r i a n  

E .  I .  duPont de  Nemours and Company, Inc.  
Wilmington 98,  Delaware 
Attn:  L i b r a r i a n  

E.  I .  duPont de  Nemours and Company, Inc .  
Wilmington 98,  Delaware 
At tn :  E .  M .  Mahla 

E l e c t r o - o p t i c a l  Systems, Incorporated 
Advanced Power Systems Divis ion  
Pasadena, C a l i f o r n i a  
Attn:  L i b r a r i a n  

Fans t ee l  Me ta l lu rg ica l  Corporat ion 
North Chicago, I l l i n o i s  
Attn:  L i b r a r i a n  

F i r t h  S t e r l i n g ,  Incorpora ted  
McKeesport , Pennsylvania 
Attn:  L i b r a r i a n  

Ford Motor Company 
Aeronutronics  
Newport Beach, C a l i f o r n i a  
Attn:  L i b r a r i a n  

General Atomic 
John Jay Hopkins Laboratory 
P.O. Box 608 
San Diego 12 ,  C a l i f o r n i a  
Attn:  L ib ra r i an  

General A t o m i c  
John Jay Hopkins Laboratory 
P.O. Box 608 
San Diego 12, C a l i f o r n i a  
Attn:  D r .  Ling Yang 
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General E l e c t r i c  Company 
Atomic Power Equipment Div is ion  
P.O. Box 1131 
San Jose, C a l i f o r n i a  

4 

. 
General E l e c t r i c  Company 
Missile and Space Vehicle Department 
3198 Chestnut S t r e e t  
P h i l a d e l p h i a  4, Penneylvania 
Attn: L ib ra r i an  

General Electric Company 

Richland,  Washington, 99352 
Attn: Technical  Information Operation 

P.O. Box 100 

General E l e c t r i c  Company 
P.O. Box 100 
Richland,  Washington, 99352 
Attn: Dr. T. T. Claudson 

I, 
General Electric Company 
Vallecitos Atomic Laboratory 
Pleasanton ,  C a l i f o r n i a  
Attn:  L i b r a r i a n  

I- 

General Dynamics/Fort Worth 
P.O. Box 748 
F o r t  Worth, Texas 
Attn: Librarian 

General Motors Corporation 
A l l  i son Divi si on 
Ind ianapo l i s  6, Indiana 
Attn: L ib ra r i an  

Grumman Aircraft 
Bethpage , New York 
Attn: L ib ra r i an  

Hamilton Standard 
Div is ion  of United Aircraft Corporation 
Windsor Locks, Connecticut 
Attn:  L ibrar ian  

Hughes Aircraft Company 
Engineering Div is ion  
Culver C i t y ,  C a l i f o r n i a  
Attn: Librar'ian 

Lockheed Georgia Company 
Divis ion ,  Inckheed Aircraft Company 
Mar ie t t a ,  Georgia 
Attn: L ib ra r i an  

Inckheed Missiles and Space Divis ion 
Inckheed Aircraft Corporation 
Sunnyvale, C a l i f o r n i a  
Attn:  L ib ra r i an  

Ins Alamos S c i e n t i f i c  Laboratory 
Univers i ty  of C a l i f o r n i a  
Lo8 Alamos, New Mexico 
Attn: L ib ra r i an  

Marquardt A i r c r a f t  Company 
P.O. Box 2013 
Van Nuys, C a l i f o r n i a  
Attn: L ib ra r i an  

The Martin Company 
Baltimore 3, Maryland 
Attn: L ib ra r i an  

The Martin Company 
Nuclear Divis ion 
P.O. Box 5042 
Baltimore 20, Maryland 
Attn: L i b r a r i a n  

Martin Marietta Corporat ion 
& t a l e  Technology Laboratory 
Wheeling, I l l i n o i s  

Massachusetts I n s t i t u t e  of Technology . 
Cambridge 39, Massachusetts 
Attn: L ib ra r i an  

MatePials Research Corporat ion 
Orangeburg, New York 
Attn: L ib ra r i an  
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McDonnell A i r c r a f t  
S t .  Louis,  Missouri 
Attn:  L ib ra r i an  

MSA Research Corporation 
C a l l e r y ,  Pennsylvania 
Attn:  L ib ra r i an  

Nat ional  Research Corporation 

Newton, Massachusetts 
Attn:  L ib ra r i an '  

I 405 I n d u s t r i a l  Place 

North American Aviation 
Los Angeles Divis ion 
Los Ang8les 9 ,  C a l i f o r n i a  
Attn:  L ib ra r i an  

P r a t t  and Whitney A i r c r a f t  
400 Main S t r e e t  
Eas t  Hart€ord 8,  Connecticut 
Attn: L ib ra r i an  

I 
, 

P r a t t  and Whitney A i r c r a f t  
CANEL 
P.O. Box 611 
Middletown, Connecticut 
Attn:  L ib ra r i an  (2)  

I Republic Aviat ion Corporation 
Farmingdale, Long I s l and ,  New York 
Attn:  L ib ra r i an  I 

Roc ke t d  yne 
Canoga Park ,  C a l i f o r n i a  
Attn:  L ib ra r i an  

I 

Sola r  
2200 P a c i f i c  Highway 
San Diego 12 ,  C a l i f o r n i a  
Attn:  L ib ra r i an  

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio 6 ,  Texas 
At tn :  L ib ra r i an  

Super ior  Tube Company 
Morristown, Pennsylvania 
Attn: M r .  A. Bounds 

Sylvania  E l e c t r i c s  Products ,  Inc .  
Chem. and Meta l lu rg ica l  
Towanda, Pennsylvania 
Attn:  L i b r a r i a n  

64 

. 
Thompson Ramo Wooldridge, Inc .  
Caldwell  Research Center  
23555 Eucl id  Avenue 
Cleveland,  Ohio, 44117 
Attn: L i b r a r i a n  

Thompson R a m 0  Wooldridge, Inc .  
Caldwell  Research Center  
23555 Eucl id  Avenue 
Cleveland,  Ohio, 44117 
Attn: G.  J. Guarn ier i  

Thompson Ram0 Wooldridge, Inc .  
New Devices Labora tor ies  
7209 P l a t t  Avenue 
Cleveland,  Ohio, 44104 
Attn: L ib ra r i an  

Union Carbide Corporat ion 
Parma Research Center  
Technical  Information Serv ice  
P.0,  Box 6116 
Cleveland, Ohio, 44101 

Union Carbide S t e l l i t e  Corporat ion 
Kokomo, Indiana 
Attn: L ib ra r i an  

Union Carbide Nuclear Company 
P.O. Box X 
Oak Ridge, Tennessee 
Attn: X-10 Laboratory Records 

Department (2 1 
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United Nuclear Corporation 
Five New Street 
White Plains, New York 
Attn: Librarian 

Universal Cyclops Steel Corporation 
Refractomet Division 
Bridgeville, Pennsylvania 
Attn: C.  P. Mueller 

University of Michigan 
Department of Chemical and 

Ann Arbor, Michigan 
Attn: Librarian 

Metallurgical Engineering 

Vought Astronautics 
P.O. Box 5907 
Dallas 22, Texas 
Attn: Librarian 

Wah Chang Corporation 
A1 bany , Oregon 
Attn: Librarian 

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P.O. Box 10864 
Pittsburgh 36, Pennsylvania 
Attn: Librarian 

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P.O. Box 10864 
Pittsburgh 36, Pennsylvania 
Attn: R. T. Begley 

Westinghouse Electric Corporation 
Materials Manufacturing Division 
RD #2 Box 25 
Blairsville, Pennsylvania 
Attn: F. L. Orell 

Westinghouse Electric Corporation 
Materials Manufacturing Division 
RD #2 Box 25 
Blairsville, Pennsylvania 
Attn: Librarian 

Westinghouse Electric Corporation 
Aerospace Electrical Division 
Wapak Road 
Lima, Ohio 
Attn: Paul Eueser 

American Machine and Foundry Company 
Alexandria Division 
1025 North Royal Street 
Alexandria, Virginia 
Attn: Librarian 

Douglas Aircraft Company, Inc. 
Mislile and Space Systems Division 
300 Ocean Park Boulevard 
Santa Monica, California 
Attn: Librarian 

Westinghouse Electric Corporation 
Aerospace Electrical Division 
Lima, Ohio 
Attn: Librarian 

Westinghouse Electric Corporation 
Research and Developqent Laboratory 
Pittsburgh 35, Pennsylvania 

Ertel-McCullough, Inc. 
301 Industrial Way 
San Carlos, California 
Attn: Dr. Leonard Reed 

Mr. Rudolph Rust - MS 138-214 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 91102 

Mr. W. H. Podolny 
United Aircraft Corporation 
Pratt & Whitney Division 
400 W. Main Street 
Hartford 8 ,  Connecticut 

Varian Associates 
Vacuum Products Division 
611 Hansen Way 
Palo Alto, California 
Attention: J. Shields 
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